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Abstract. The main hematological parameters were evaluated in two groups of Broilers of 15 (n = 19) 
and 20 (n = 20) days, using individual and combined blood samples collected on lithium heparin. The 
investigated parameters consisted of: total number of erythrocytes, hemoglobin concentration, 
hematocrit, mean erythrocyte constants and leukocyte counts. Macro- and microscopic evaluation of the 
combined samples collected from the experimental groups revealed no signs of clotting or hemolysis 
which indicated that they were adequate for processing through classical hematological techniques and 
also a good degree of homogeneity between the individuals regarding blood type.  RBC parameters 
showed minor differences between the combined sample and the mean group values, except for 
hematocrit, which, in group II, showed a value of 60.00% exceeding the superior confidence interval of 
95% (52.27%). Differences were also observed in the development of the mean erythrocyte constants, 
which showed higher values for MCV (220.83 fL respectively 217.39 fL) in case of the combined 
sample compared to the means of the groups (193.75 ± 53.86fl and 192.38 ± 49.33 fl), and for MCH 
(59.21 pg) which, in group I, showed higher levels for the combined sample compared to the mean 
value (50.52 ± 10.68 pg). Leukocyte populations parameters showed differences in the proportion of 
heterophils, which, in case of group II, showed a combined sample value (62.00%) above the mean 
(54.60±8.83%) also exceeding the upper confidence interval (58.73%). In the same group the 
percentage of eosinophils found in the combined sample was below the mean value (0.85 ± 1.50%). 
Monocytes were better represented in case of the combined mean sample for group I (16.00%), the 
value exceeded the upper confidence interval of 95% (11.14%) and also mean of the group (9.21 ± 
3.99%). Values of the combined blood samples for all the investigated hematological parameters were 
similar to the means of the groups, also being close to the reference values found in literature. 
 





Chickens were used as research models for determining physiological parameters of 
different bird species, however there is little information available about the hematological 
parameters of chickens in general (Wakenell, 2006). 
Most of the current information about hematological parameters in chickens is 
extrapolated from the values established for other species (Phillip et al., 2009). 
Raising Broilers in industrial systems hinders the possibility of individual hematological 
evaluations, limiting factors being the cost of such investigations in a large number of birds, and 
the amount of work required sampling and processing. These considerations led to the analysis of 
mean combined samples (mixed blood samples) as an alternative to individual investigation for 
routine hematological tests. The main advantage of the combined sample being that it allows for 
the assessment of a large number of individuals with a smaller number of blood samples. 
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MATERIALS AND METHODS 
 
The evaluation of hematological parameters was performed on blood samples from two 
groups of Broilers of 15 (n = 19) and 20 (n = 20) days.  
Investigated parameters targeted the number of erythrocytes, hemoglobin concentration, 
hematocrit, the mean erythrocyte constants and determination of leukocyte counts. The number 
of erythrocytes was determined by cell counts using the Natt solution, hemoglobin was estimated 
by spectrophotometry and the hematocrit through the microhematocrit method. Leukocyte 
populations were determined on panoptic stained (Dia Quick panoptic) smears.  
The mean erythrocyte constants were calculated from hemoglobin concentration, 
hematocrit level and the total number of erythrocytes. A macro- and microscopic examination of 
the combined blood samples was performed using Crossmatch type methods used in 
compatibility testing of blood types in small animals (Ognean et al, 2009). 
Analysis of results was performed by estimating the minimum, maximum, mean, 
standard deviation and confidence interval of 95%, taking into account individual values. This 
data was compared, to the hematological parameters of the mean combined blood samples 
obtained by adding 100μl of blood from each individual sample for each of the experimental 
groups. The mean combined samples thus obtained were analyzed through the same techniques 
used for individual tests. 
Evaluation of the results was performed on one side by comparative analysis of the 
minimum, maximum, mean and standard deviation values and on the other by the mean 
combined sample and the confidence interval of 95%. 
The purpose of this study was to investigate the relevance of the mean combined blood 
sample in comparison with the mean values of the group regarding hematological parameters. 
 
RESULTS AND DISCUSSIONS 
 
Macro- and microscopic examinations of the combined blood samples showed good 
homogeneity with no signs of clotting or hemolysis, which indicated blood compatibility between 
the investigated Broilers and that the combined sample was adequate for hematological 
processing. The obtained results fit into the overall context of blood compatibility testing of small 
animals through Crossmatching (Ognean et al, 2009). 
These preliminary observations show that the combined blood samples were obtained 
from homogeneous groups in terms of age, line, origin, weight, housing and feeding conditions.  
Comparative analysis of the combined sample values and framing them within the 95% 
confidence interval revealed differences depending on the investigated parameter.  
The development of the erythrocyte parameters (Tab. 1) in the Broilers from group I, 
revealed a mean number of erythrocytes (2.45 ± 0.58 T/L) higher than that found in the combined 
sample (2.09 T/L), value situated below the lower limit of the confidence interval (2.17 T/L). In 
group II, for the same parameter, the combined sample presented a value of 2.76 T/L situated 
within the confidence interval 95% and relatively close to the mean of the group (2.65 ± 0.53 T/L). 
Hemoglobin concentrations showed in both experimental groups, for the combined 
sample, levels of 12.38 g/dL respectively 15.18 g/dL, situated within the confidence interval and 
also close the corresponding mean and standard deviation (Tab. 1). 
Differences were noted in interpreting the results of the hematocrit in the sense that the 
values of the combined sample exceeded the upper limit of the confidence interval. Significant 
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differences were observed in group II, where the level of 60.00% was above the upper confidence 




Erythrocyte parameters in the investigated groups of broiler chicken 
 






Mean erythrocyte values 
MCV (fL) MCH (pg) MCHC (g/dL) 
 
Group I (15 days) 
 
Minimum 1.64 9.41 33.33 117.62 30.25 18.81 
Maximum 3.60 13.53 54.55 277.16 62.65 36.50 
Mean 2.45 11.55 44.93 193.75 50.52 26.15 
Standard 
deviation 0.58 1.30 5.91 53.86 10.68 4.74 
I.C.sup 95%  2.73 12.18 45.45 219.71 55.66 28.44 
I.C.inf 95%  2.17 10.93 42.08 167.79 45.37 23.86 
Combined 
sample value 2.09 12.38 46.15 220.83 59.21 26.81 
 
Group II (20 days) 
 
Minimum 1.76 12.05 40.00 111.11 42.04 20.65 
Maximum 3.88 21.45 66.67 285.71 96.56 53.63 
Mean 2.65 15.89 48.98 192.38 58.95 33.48 
Standard 
deviation 0.53 3.08 7.04 49.33 15.04 9.74 
I.C.sup 95%  2.90 17.33 52.28 215.47 65.99 38.04 
I.C.inf 95%  2.40 14.45 45.68 169.29 51.90 28.93 
Combined 
sample value 2.76 15.18 60.00 217.39 55.00 25.30 
 
 
Regarding the mean erythrocyte constants the combined sample showed that the MCV 
in both groups had a slightly increasing trend compared to the upper confidence interval 95%. 
There were also differences between the mean values (193.75 ± 53.86 and 192.38 ± 49.33 fL) 
and the combined sample (220.83 fL respectively 217.39 fL) of the investigated groups. 
 
It was noted that, in group I, the combined sample had an increased MCH value of 59.21 
pg, in comparison to the mean value (50.52±10.68 pg) and the upper limit of the confidence 
interval (55.64 pg). For MCHC, in both groups, the combined sample values were comparable 
with those obtained from individual analysis (Tab. 1).   
Leukocyte counts (Tab.2) highlighted total number of leukocytes values, for the 
combined samples, of 22.50 G/L (group I) and 19.50 G/L (group II). These values were relatively 













White blood cell count (%) 
Heterophils Eosinophils Basophils Lymphocytes Monocytes 
Group I (15 days) 
Minimum 9.00 30.00 0.00 0.00 27.00 3.00 
Maximum 31.00 63.00 7.00 1.00 60.00 19.00 
Mean 18.45 50.05 2.05 0.16 38.53 9.21 
Standard deviation 6.55 8.85 1.75 0.37 9.94 3.99 
I.C.sup 95%  21.606 54.317 2.895 0.8518 43.315 11.136 
I.C.inf 95%  15.289 45.788 1.210 0.06492 33.738 7.285 
Combined sample 
value 22.50 46.00 2.00 0.00 36.00 16.00 
Group II (20 days) 
Minimum 16.00 41.00 0.00 0.00 22.00 2.00 
Maximum 29.00 73.00 6.00 0.00 53.00 16.00 
Mean 21.10 54.60 0.85 0.00 36.65 7.90 
Standard deviation 4.05 8.83 1.50 0.00 8.11 3.88 
I.C.sup 95%  22.994 58.732 1.550 0.00 40.447 9.715 
I.C.inf 95%  19.206 50.468 0.1496 0.00 32.853 6.085 
Combined sample 
value 19.50 62.00 0.00 0.00 32.00 6.00 
 
In case of the white blood cell counts differences were found between the values of the 
combined samples, the means of the group and the 95% confidence interval. Thus in group II 
were observed differences in terms of the combined sample value for heterophils and eosinophils; 
heterophils had a level of 62.00% for the combined sample while the mean group value was 
54.50 ± 8.83 % and a 95% confidence interval of 58.73 to 50.47%.  
The situation for eosinophils was different in sense that for the combined sample from 
group II these elements were not found while the mean group value was 0.85 ± 1.50% with a 
lower limit of the confidence interval of 0.14%.  
The values of the lymphocyte population in the combined samples were situated within 
the limits of the confidence interval also being relatively close to the mean group levels (38.53 ± 
9.94 to 36.65 ± 8.11%). In case of the monocytes was observed that the combined sample for 
group I (16.00%) exceeded the upper limit of the 95% confidence interval (11.14%) and also the 
mean of the group (9.21 ± 3, 99%). 
The differences between the values of the combined samples and those of the confidence 
intervals respectively the mean values are due to variations between the minimum and maximum 
levels observed in the investigated parameters of the experimental groups, as reflected by the 
high standard deviation.  
The values for the investigated parameters in the combined samples, in both 
experimental groups, were close to those found in the individual analysis as shown by the 95% 

















Mean erythrocyte values 








2.50-3.50 7.00 – 13.00 22.00-35.00 90.00-140.00 33.00-47.00 26.00-35.00 
Ghergariu et 
al. 2000 3.00-4.50 10.20-10.60 32.00-48.00 - - - 
Gylstorff, 
1983  2.20-3.30 8.90-13.50 24.00-43.00 120.00-137.00 - - 
 
Attempts to frame the erythrocyte values within reference intervals found in literature 
highlighted a marked discrepancy. In general, the level of consistency varied depending on the 
author and parameter. Thus, the hematocrit was situated within most reference intervals, except 










White blood cell count (%) 
Heterophils Eosinophils Basophils Lymphocytes Monocytes 
Gylstorff, 
1983 19.80-32.60 19.80-32.60 1.50-2.70 1.70-4.30 45.00-75.00 8.10-16.50 
Hoffmann, 
1961 20.00-30.00 13.00-49.00 2.00-14.00 1.00-17.00 31.00-72.00 1.00-4.00 
Pîrvu et al. 
1984 13.00-32.00 20.00-31.00 1.00-3.50 1.50-4.00 50.00-70.00 6.00-11.00 
Ghergariu et 
al. 2000 25.00 25.00 4.00 2.00 62.00 4.00 
Uray, 1992 - 13.00-35.00 1.20-2.50 2.10-3.10 58.00-76.00 1.10-6.50 
 
 
The level of hemoglobin could be framed within the reference intervals provided by 
Bounous and Stedman (2000), and Gylstorff, (1983). The total number of erythrocytes was below 
the physiological rage given by Gulland and Hawkeye (1990). MCV and MCH values were 
situated above the reference intervals regardless of bibliographical sources, while the MCHC was 
situated within the aforementioned references (Tab. 3). 
 
The values of total number of leukocyte were within the physiological limits found in 
literature, heterophil and monocyte levels were generally higher than those of the references, 





Macro- and microscopic examination of the combined samples showed good 
homogeneity, without evidence of clotting or hemolysis, which indicates blood type 
compatibility between the investigated Broilers and achievement of hematological processing 
requirements. The development of erythrocyte parameters revealed minor differences between 
experimental variables, except for the hematocrit which presented a value (60.00%) that 
exceeded the 95% confidence interval (52.27%) and the mean of group II (48.98%), MCV 
presented combined sample values (220.83 fl respectively 217.39 fl) higher than the means of the 
groups (193.75 ± 53.86 and 192.38 ± 49.33 fl) and in group I, MCH value of the combined 
sample (59.21 pg) higher than the mean (50.52 ± 10.68 pg). 
Leukocyte parameters showed differences between experimental variables, regarding 
proportion of heterophils (62.00%) found in the combined sample which was higher than the 
mean (54.60%) in case of group II, also exceeding the 95% confidence interval (50.47 to 
58.73%). The eosinophil population was situated below the mean, in case of group II (0.85 ± 
1.50%), and the monocytes, which for the combined sample of group I (16.00%) exceeded the 
upper 95% confidence interval (11.14 %) and mean of the group (9.21 ± 3.99%). 
The values shown by the combined samples for all investigated hematological 
parameters were close to the means found in the tow experimental groups, also being similar to 
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